There is a deficit of multi-site studies examining the integration of sustainability in the policies and practices of post-secondary institutions. This paper reviews what comparative empirical research has been undertaken on sustainability in post-secondary education (PSE) within eight leading international journals publishing on sustainability and education. Three predominant themes of research on the topic are identified within the review: research comparing sustainability curricula across institutions (both within specific disciplines of study and across disciplines); research comparing campus operations policies and practice across multiple institutions; and research on how to best measure or audit approaches and outputs in sustainability in PSE. This review of the research literature supports the contention within the literature on sustainability in PSE that most research on the topic is focused on case studies rather than comparison of multiple institutions. The comparative research that is emerging from the field is concentrated on assessing measurable outputs for environmental externalities within institutional operations, with little examination of sustainability uptake and outcomes across broader institutional policies and practices.
Introduction
A focus on sustainability in post-secondary education (PSE) institutions can be traced to origins in the 1978 United Nations International Environmental Education Programme [1] . As the field began to develop further during the 1980s, there were calls for sustainability policies and practices to be integrated into post-secondary education institutions. These recommendations were then codified in a number of international declarations and charters during the 1990s and the first decade of the 21st century, including in the Talloires Declaration (1990), the CRE Copernicus Charter (1994), the Ubuntu Declaration (2002) and the Rio + 20 Declaration (2012). These international developments have been paralleled in regional and national declarations of university and college alliances [2] , community college associations [3] and international alliances [4] . At the same time and, in some cases, in response to becoming signatories on such declarations, many post-secondary institutions around the world have engaged in sustainability-related initiatives.
The term sustainability is multi-faceted and varies in its definition, and as a result, it can be difficult to implement sustainability in PSE in practice or to research it as a concept. For the purposes of this review, the term sustainability is discussed in relation to PSE using the following five categories: (i) the integration of sustainability into curricula, (ii) the integration of sustainability into all facets of the management of institutions (i.e., governance), (iii) engagement in research focused on sustainability topics, (iv) institutional involvement in community engagement on sustainability issues and (v) integration of sustainability into facility operations [5] . The Global University Network for Innovation (GUNI) (2012) recently reviewed how sustainability is occurring in PSE globally in four of these five categories: research, curricula, community engagement and facilities operations. Their report details that uptake of sustainability within PSE institutions is increasing across the world, though at varying rates among the different categories. In many cases, this has occurred in collaboration with emerging regional networks for sustainability [6] .
While empirical research examining sustainability in PSE has increased in the scholarly literature substantially since the early 1990s [1] , the majority of this research has been conducted as case studies within individual institutions. Corcoran et al. [7] contend that case study research on sustainability in PSE has not lived up to its potential for improving sustainability in post-secondary education, because of the lack of comparative studies (in this context, -comparative research‖ refers to studies comparing and contrasting multiple PSE institutions' policies and practices in regards to sustainability initiatives). Likewise, others have indicated that there is a lack of research examining the implementation of sustainability in post-secondary education institutions from a comparative angle [8, 9] . Without comparative research, there is little understanding of the degree to which conceptualizations and practices of sustainability in PSE are convergent or divergent [10] . There are some meta-analyses type reviews of individual site studies: for example, Karatzoglou [11] provides an excellent comparative analysis of research methodologies used to examine sustainability in PSE institutions, while Mochizuki and Fadeeva [12] compare how sustainability is contextualized and competencies in sustainability are assessed in various studies. However, these types of reviews are in the minority. Indeed, studies that themselves gather data on sustainability uptake in PSE research across multiple institutions, which compare and contrast how sustainability policy is developed, how sustainability practices are implemented and where both may be coming up short, are still relatively lacking.
With an aim of laying some of the groundwork for an expanding body of comparative research, this paper reviews the comparative empirical research that currently exists within the education literature. It, thus, critically examines and contrasts the trends and gaps evident within the existing cross-institutional research on sustainability in PSE institutions' policy and practice. However, as Karatzoglou [11] notes, the research literature on education and sustainability, -is abundant, vaguely defined and so fast emerging that (it) would make efforts for full coverage impractical and infeasible‖ (p. 3). Sifting through all the existing literature on sustainability and education to find all empirical comparative research on sustainability in post-secondary education institutions is, thus, a challenging task. Rather than an exhaustive review, the intent here is to disentangle some of the existing threads of comparative research examining sustainability in PSE institutions, so as to provide a review of the topic and possible directions for further research.
Review Methods
The broad and interdisciplinary Academic Search Complete (ASC) database was used to search for relevant existing research in order to review as broad a body of relevant literature as possible. This database was used in conjunction with the Education Resources Information Center (ERIC) database to provide a more detailed search of literature focused on education. A Boolean search was undertaken in these databases using the terms -higher education‖ OR -postsecondary education‖ OR -post-graduate education‖ AND -sustainable‖ OR -sustainable development‖ OR -sustainability‖ AND -policy‖ OR -practice‖ in the titles, keywords or abstract of the database(s) documents. The term -environment‖ was intentionally omitted to mirror the methodology of a previous bibliometric study, which distinguishes between the terms environmental education and sustainability education [1] . Wright and Pullen [1] omit the term -environment‖ in their search to indicate that -sustainability‖ is a broader term than -environment‖, in that it also encompasses social and economic considerations, as they relate to environmental issues. Many of the initial search -hits‖ were omitted, due to being conceptual, rather than empirical, studies. Of those empirical studies that have been undertaken, many pre-date the official declaration of the Decade of Education for Sustainable Development (DESD) from 2005-2014 and have already been reviewed elsewhere in earlier publications [9] . For this review, we therefore chose to retrieve English language manuscripts that were published between the years 2003 and 2012, in order to provide an overview of the literature published since the DESD was announced by the United Nations (2003), as we are aware of no other published reviews of comparative empirical research conducted during this time period.
A total of 1,193 titles were collected during the first Boolean search. Of these titles, 896 (75%) were journal articles published between 2003 and 2012 ( Figure 1) , with 272 (30%) being published in one of the following eight journals, which are well-known in the area of sustainability and education: (Figure 2 ). Drawing upon Fink's [13] technique for a -sensitivity analysis‖ in a literature review, it is appropriate to sample from journals publishing the most articles on the topic, with the hopes of capturing a high proportion of the top quality studies within a given field. While this review focused on manuscripts published in the aforementioned eight journals during the given time period, key articles identified from outside these eight journals (and indeed, from outside education journals) were included in the analysis to help address gaps in the research published from the eight leading education related journals. The abstracts of the resulting 272 journal articles from the eight leading education-related journals were reviewed to determine the nature of the particular studies (i.e., empirical vs. theoretical research) and scope (i.e., single site vs. multiple site or -comparative‖). Next, since our primary concern was examining comparative empirical research, articles outside of our area of interest (e.g., theoretical pieces, works focusing on case studies of individual institutions or programs within individual institutions) were omitted. The articles were categorized as comparative if they focused on the study of two or more PSE institutions. They were considered empirical if the focus of the research were quantitative or qualitative collected data, rather than theoretical constructs. Thus, only articles that empirically examined aspects of sustainability in two or more PSE institutions were selected. This left a total of 103 journal articles that met the criteria within the eight journals. Upon examining these articles, 14 additional key works were added to the review in order to address gaps in the research within the education-related literature, making a total of 117 articles and reports that were included in the review.
A grounded content analysis of this research literature was subsequently conducted, drawing upon Mayring's [14] criterion for categorization in qualitative research. Mayring's criteria for systematic qualitative analysis include inductively forming initial categories from the manuscripts, inductively developing sub-categories within these and revising the categorizations through an iterative process known as a feedback loop. The formation of the categories for our review was informed by the main question under consideration: what types of comparative empirical studies have been undertaken that examine sustainability in PSE? To address this, the analysis of the articles reviewed therefore focused on the research questions posed in each of the manuscripts. The primary research questions posed within the articles were than hand coded. Types of research questions were then categorized using step-by-step inductive category development. From here, some of the research questions were also put into subcategories. Using Mayring's [14] prescribed feedback loop for subsuming and revising categories, the predominant themes within the literature were determined inductively after the reading and hand coding of the articles. It should be noted that while content analysis is a robust tool for extracting themes and frames from literature, the frames and themes extracted are those the coder(s) identifies and prioritizes. There are no universal truths within the process, and thus, different coders will likely emphasize different narrative strands. While consensus was reached on the predominant themes in this review, it should be remembered that this is a process of categorization and not definitive description.
Results and Discussion
Our content analysis of existing comparative empirical studies on sustainability in PSE revealed considerable variation across the existing studies in terms of comparative research methodologies, locations in which studies were undertaken of PSE institutions engaging with sustainability policy and practice (e.g., Africa, the Americas, Asia, Europe, Oceania) and scales at which different institutions are being compared to one another (local, national, regional, global). Further, our analysis of the literature revealed three predominant themes of existing comparative research on sustainability in PSE:
 Research comparing sustainability curricula across institutions (both within specific disciplines of study and across disciplines);  Research comparing campus operations policies and practice across multiple institutions; and  Research on how to best measure or audit approaches and outputs in sustainability in PSE.
The following review of the research is organized according to these three categories and begins with an overview of existing research comparing sustainability curricula across institutions.
Curricula
Of the 103 articles examined, approximately one-third (n = 37) provided comparative analysis of how sustainability was integrated into curricula across multiple PSE institutions. Rusinko [15] supplies a useful heuristic for reviewing how sustainability concepts are integrated into PSE curriculum (see Table 1 ). This 2 × 2 matrix considers the integration of sustainability concepts in both existing and new curricula at both broad (interdisciplinary) and narrow (discipline-specific) scales. Interestingly, the majority of articles written on integrating sustainability into curricula (i.e., 26 of the 37 articles) focus on detailing the integration of sustainability into discipline-specific and existing course work within PSE (i.e., quadrant I of Rusinko's matrix). Most of this research examines the integration of sustainability in curricula in technical fields, such as engineering and science. For example, in a review of sustainability in engineering curricula at multiple institutions internationally, Mulder et al. [16] found that the topical focus on sustainability has shifted over the past decade to focus more on sustainability in terms of product life-cycle analysis and long-term planning in engineering projects. This same trend is noted an assessment of engineering and computer science curricula in China's PSE institutions [17] . The existing research also suggests that not all attempts to integrate sustainability into discipline-specific science and engineering curricula are success stories. In their overview of Canadian universities, researchers found that an increasing number of institutions were offering course work integrating sustainability concepts into environmental assessment (EA) training, but that most of the courses were cursory in nature, providing little room for thinking critically about environmental problems [18] . Additionally, research emanating from the UK indicates that while there is a high interest for incorporating sustainability concepts into bioscience laboratory courses, uptake is usually hindered by lack of institutional support and time constraints [19] .
Thus the review of the relevant literature reveals that the emphasis on existing research on sustainability in curricula tends to be within the technical fields, echoing Sherren's [20] findings in her study of Australian universities. Sherren also found that when sustainability was integrated into curricula in the institutions she studied, it was framed as technological innovation as opposed to cultural or behavioral change. The current review of the existing research also suggests that, more broadly, the majority of curricula that are studied in relation to sustainability emphasizes innovation (be it technical with engineering courses or market-based for business courses) over change of a behavioral or cultural nature.
While the curricula of technical fields constitute the focus of the majority of research on sustainability uptake in PSE curricula, other fields are also being examined. McKeown [21] , for example, researched the level of integration of sustainability into education curricula over the last two decades, noting the growing number of PSE institutions offering training in sustainability education across the globe. Recently, there has also been an increase of research on how sustainability is integrated into business curricula of different institutions [22, 23] . One reason for the lack of research on sustainability uptake in broader disciplines may be the lack of professional development training in PSE institutions designed to facilitate faculty integrating sustainability concepts into their curricula. In a 2008 examination of 38 Australian universities, only a single institution offered its faculty training opportunities on incorporating sustainability into their curricula [24] .
In studies examining uptake of sustainability across disciplines, Geli de Ciurana and Filho's [25] study of 11 European and Latin American universities found 10 common characteristics for successfully -greening‖ existing curricula across all post-secondary disciplines. These included permeability of disciplines within institutions (and, thus, the ability to work interdisciplinarily), establishing a relationship between theory and practice in course work and creating space for reflection on curricula. In research on the South Pacific Island Nations, it has been found that sustainability tended to be integrated into all curricula in PSE [26] . A cross-institutional study from 2008 also found that integration of sustainability principles is on the increase across a wide range of extra-curricular activities in a number of PSE institutions within the UK [27] . With these exceptions, studies comparing approaches to sustainability in the curriculum across different disciplines were found to be rare in our analysis.
Our review also revealed that critical analyses of how PSE curricula integration efforts compare in their outputs across institutions is largely absent in the literature (e.g., possible outputs being increased knowledge of sustainability issues, behavioral or action-oriented change or other learning outcomes). This is consistent with Davis et al.'s [28] findings that the comparative research that does exist on sustainability outcomes in PSE focuses on university operations and governance, with little attention paid to curricular or teaching/learning outcomes. None of the comparative empirical studies reviewed touched on assessment of learning outcomes for sustainability in curricula. One reason for this may be the difficulty associated with objectively measuring learning outcomes. Savelyeva and McKenna [29] discuss this difficulty when they suggest using the Global Seminar (GS) model to measure sustainability thinking, as opposed to sustainability learning, when measuring the outcomes on the incorporation of sustainability curricula. However, research on how students are -thinking‖ about sustainability in relation to, or as a result of, PSE sustainability curricula are also absent from the comparative literature.
The concept of measuring sustainability -thinking‖ as opposed to sustainability learning is reviewed extensively by Wiek et al. [30] . In their work on key competencies in education for sustainability, they also note that learning outcomes for competencies in sustainability education are not adequately operationalized. Despite the dominance of -laundry lists‖ for sustainability competencies appearing in different PSE institutions discussed in the literature, they amalgamate five key competencies for sustainability learning: systems-thinking competence, anticipatory competence, normative competence, strategic competence and interpersonal competence. Rieckmann [31] also stresses the importance of system-thinking and anticipatory competence in an overview of key competencies viewed as critical by sustainability educators from Europe and Latin America, listing ten additional key competencies. It is interesting to note that neither of these empirical, comparative research papers on key competencies for sustainability within PSE [30, 31] , are situated within the education literature. Instead, both reviews appear in journals focusing on sustainability as a field in general, not on education in particular.
In summary, key areas of existing comparative research on sustainability in PSE that focus on curriculum include the uptake of sustainability in technical and science oriented curriculum, the uptake of sustainability in education curriculum and a lack of integration of sustainability across disciplines vs. greater discipline-specific integration. Some debate exists as to whether existing curricula should be -greened‖ or whether new curricula on sustainability should be introduced; however, the majority of the literature reviewed stressed that sustainability needs to be included if topics in postsecondary education are to remain relevant to students' lives. The application of critical thinking skills to issues of sustainability is also stressed throughout the literature.
Comparing Campus Operations Policies
The second significant area of existing research identified in our review of the literature were those studies comparing campus operations policies and practices at multiple institutions. Almost half of the total number of articles analyzed in the review (n = 51) focused on PSE institutions' operations policies, including in relation to electricity use, waste disposal, greenhouse gas (GHG) production and emissions, as well as any other policies addressing environmental externalities from the physical operation of PSE institutions. These articles can be divided into those that focused on campus operations policies that were formed in response to national policies around sustainability, those that focused on operations policies that developed within networks of PSE institutions in the North American context and those that focused on how sustainability operations policies and practices from the corporate world can be applied to PSE institutions, as will be outlined in this section.
In an international comparison of universities in India, Japan, Spain, Sweden and the United States, a group of researchers illustrate that the initial uptake of sustainability into operations policies is often the most difficult hurdle that PSE institutions must overcome in order to manage their facilities in a more sustainable fashion [32] . Their research suggests that the main drivers for initial uptake of sustainability into campus operations policies are (i) a high level of coordination on sustainability projects within institutions, (ii) the presence of people who act as -connectors‖ or those who are able to bridge gaps across disciplines and between operational and academic departments and (iii) available funding for innovation in operations. In the broader reviewed research articles, the necessity of strong communication and leadership to initiate, maintain and drive sustainable operational policy was stressed repeatedly. For example, a study by James and Card [33] points to the necessity for strong leadership as a precursor to the uptake of operational initiatives on sustainability in their comparison of three university campuses in the United States. Other research suggests that faculty and staff leaders tend to have a more significant role in the long-term implementation of operational initiatives around sustainability within institutions, though collaboration with administrators is still crucial for clearing initial hurdles in adopting operational policy [34] . In addition to the importance of leadership, the existing comparative research suggests that communication between the institution and the surrounding community on regional sustainability challenges is also an important factor for successful uptake of sustainable operational policies across cultures and nations [35] .
Furthermore, while sustainability initiatives in PSE facility operations appear to be flourishing, research by Velazquez et al. [36] suggests that the conditions necessary for successful implementation of initiatives are absent from many universities internationally. They point to a lack of communication, support and training as reasons for this, as well as a culture that fosters resistance to change throughout academia. For instance, Pearce's [37] research found that universities could use their considerable purchasing power to invest in alternative energy and spur the solar energy market in the United States, but none have moved to do so. Dale et al. [38] also note that universities can be reluctant to embrace sustainability tactics. In their investigation, they found using online communication at PSE institutions, similar to how it is used in teleconferencing in business, facilitates knowledge generation effectively, with the added benefit of saving time and money and having less of an environmental impact. However, they found that most post-secondary education institutions still have not changed policies, mandating students' physical attendance on campus.
Our review also highlights the role of the governments in helping to facilitate sustainable operations policies in PSE institutions, especially within the Asia-Pacific region. For example, an examination of PSE operational policies throughout this region reveals the strong role government policies have in spurring the development of institutional policies in nations, such as Australia, China, Japan and the Philippines [39] . However, while many individual institutions in these countries are implementing new sustainable operations policy initiatives, a recent overview of the region has found that despite a high level of government support for sustainability initiatives in PSE operations, there is an insufficient level of collaboration among PSE institutions in the region compared to PSE sustainability networks in other regions [23] . The experience of Japanese PSE institutions is one of sustainable operations policy being directed by the government, in this case, via the Ministry of Education and the Ministry of Environment. Because the push to incorporate sustainability into PSE operations' policies has come from the Japanese government, university administrations in Japan have grown dependent on the ministries for innovation and leadership, rather than using their own considerable resources to pursue sustainability targets [40] . However, in the Philippines, while national government agencies promote curriculum development in relation to sustainability in PSE, the NGO Environmental Education Network of the Philippines (EENP) has taken a leading role in the operational approach to sustainability policy in PSE with its Dark Green Schools (DGS) program [41] . In India's national education policy, the country's highest court mandates environmental education at all levels of formal education, including PSE. However, the implementation of sustainable operational policies within India's universities has been stymied by a lack of communication among stakeholders, as well as conventional assessments for sustainable operations competing with traditional PSE assessment measures [42] .
The reviewed research suggests that national governments have also provided much of the motivation for adopting sustainable operational targets within Europe. In Sweden, all universities have submitted environmental impact reports since 1996. This is in line with a directive from the Swedish government in the same year that all public authorities contribute to sustainable development for society. Universities in Sweden that adopted environmental management systems (EMSs) earlier, performed better than those who adopted EMSs later, suggesting there is learning curve for implementing sustainable operations policy strategies within individual institutions, despite similar directives nation-wide [43] . Swedish universities also seem particularly concerned about direct environmental aspects (for instance paper use and electronic waste handling), emphasizing operational sustainability, as opposed to education and community outreach, on sustainability issues [44] . Similar findings from the UK indicate that sustainable operations policies are emphasized across universities in response to government policy, with little opportunity for reflection or adaptation on other facets of sustainability within PSE [45] .
The research suggests that sustainability-related operations policies within North American PSE institutions are much more diverse than in Asia or Europe, due to the lack of national government initiatives around sustainability initiatives. In the absence of national incentives, a number of sub-national (regional or state/provincial) and non-governmental programs have surfaced to incentivize sustainability operations among PSE institutions in the USA and Canada. North American institutions participating in the Sustainability Tracking and Rating System (STARS) provided by the Association for the Advancement of Sustainability in Higher Education (AASHE) are recognized as being on the cutting edge of operations innovation globally [46] . However, our review illustrates that while a number of innovative sustainable approaches to university operations are detailed in the reviewed literature on North American universities and colleges, the operations policies appear much more piecemeal and inconsistent than in either East Asia or Europe. For example, Beringer et al. [47] summarize that sustainability in physical operations for institutions in Atlantic Canada remains largely unaddressed. In a study of American institutions, it was found that historically California's PSE institutions have led the charge for sustainable building operations in US post-secondary education [48] . Institutional operations developments in the US range from sustainability landscaping strategies [49, 50] to policies for sustainable building design on campus [51, 52] . This is in contrast to PSE operations to increase institutional sustainability being derived from national policy directives, as in Sweden [44] or Japan [40] , where one seems more uniform and consistent uptake of sustainability in PSE operations across the given country.
Our review also suggests that the links between PSE operations policies and the supply chains on which they are dependent are often overlooked in the research literature, especially in North American institutions. For example, Williamson [53] demonstrates that institutions' housing and enrollment policies are responsible for the production of more greenhouse gas (GHG) emissions and increases in energy usage, than the savings obtained through the reduction based on the energy or operations sustainability policies of those same universities. For instance, housing policies have tended to push students further and further from campuses, as student populations have soared, necessitating the need for GHG producing transit for more commuters. Many institutions have sustainable operational innovations for decreasing their GHG production and increasing energy efficiency, such as mass transportation initiatives or mandates around energy efficiency in campus buildings. However, Williamson demonstrates that the GHG offsets from practices, such as instituting carpooling policies, are negligible when compared to rising student populations and longer student commutes in a number of institutions. Also, research by Comm and Mathaisel [54] establishes that while campus policies in American universities may emphasize sustainability, institutional supply chain management is almost universally unsustainable and GHG intensive across PSE institutions in the USA, especially when compared to the business sector. The same situation appears in the Nigerian context, with sustainability efforts at individual institutions unable to keep pace with the tremendous impact of growth in the post-secondary education sector [55] . While some studies were found comparing the sustainability operational policies of PSE institutions with those of businesses, no articles detailed an actual institution-wide uptake of corporate sustainability operations policies within a PSE institution. It is unclear whether this is because the practice of doing so is untried or because research into any attempts to do so has not been forthcoming to date. An exception to this is within the supply chains for college and university dining services, where growing pressure from students across the United States has impacted institutions' decisions to adopt sustainable sourcing practices from the food industry. Many university dining services are beginning to draw on the supply chain principles of restaurants and grocery stores that look to source their food stocks sustainably. This has been in large part due to student pressure on universities' administrations [56, 57] .
Observing that many universities are much like small cities in and of themselves, Finlay and Massey [58] apply Register's [59] concept of an eco-city to their study of a number of American PSE institutions. Register's [59] concept of an -eco-city‖ is defined by a set of criteria, including the degree to which an institution addresses a self-contained economy, carbon neutral operations, well-planned city layout and public transportation, resource conservation, the restoring of environmentally damaged urban areas, housing and economic equity, as well as a number of other criteria. While the study found that none of the American campuses studied embraced all of Register's criteria for sustainability, they noted that many institutions were strong contenders for fully embracing the -eco-city‖ framework [58] . They note that while many universities tend to possess a number of alternative transportation options and participate in recycling and conservation programs, they also tend to be carbon and energy intensive. Research by Su and Chang [60] also examine ways for making PSE institutional operations more sustainable, though their research focuses on PSE institutions as part of a larger community. They examine how sustainability concepts were disseminated between PSE institutions and surrounding communities in Taiwan, through a series of projects to connect sustainable practices in PSE to their surrounding communities.
In summary, almost half of the literature reviewed on sustainability in PSE consisted of research centering on operations policies. This literature was split between those studies examining sustainable operations policy, which flows out of policy directives from national governments or national NGO networks and those that focused on sustainability operations, which emerged either within a PSE institution or among a network of PSE institutions, especially within North America. A final portion of the studies centered on examining sustainability operations policy from the corporate world and how they could be applied to PSE institutions.
Measuring Sustainability
The third and final distinct theme that emerged from a content analysis of the comparative literature on sustainability in PSE is research focused on measuring or auditing approaches and outputs of sustainability initiatives across institutions. Of the total 103 articles coded and analyzed, less than 15% (n = 15) fit into this category. While assessment instruments do exist to evaluate the role of sustainability in non-operational realms (e.g., education, governance, research and community engagement) for PSE institutions, discussion of these assessment instruments is by and large confined to academic periodicals not focused on education research (e.g., Futures, Sustainability, Sustainability Science). Somewhat ironically, most of the existing research on sustainability assessment instruments in PSE institutions within education-related journals discussed audits of operational outputs and not assessments of curricular outcomes. In this section, we review the existing literature on assessment tools used to measure sustainability within PSE institutions, which focuses on the two sub areas: (i) auditing tools that can be used to measure sustainability initiatives and (ii) outputs that can be measured when assessing sustainability.
While a number of assessment instruments for evaluating PSE institutions' sustainability outputs are mentioned in the literature, some are more common than others. In reviewing the frameworks for sustainability assessment used by various PSE institutions, the AASHE's STARS rating system and the Campus Sustainability Assessment Framework (CSAF) are the predominant tools used in North America for assessing campus sustainability [61] . They are both based on self-reports provided by institutions of their sustainability policies and practices in relation to different domains, such as governance, research, facilities' operations, community engagement and curricula. While the CSAF has proved popular with a number of non-governmental organizations for assessing campus sustainability, several studies have noted that many PSE institutions shy away from using it, because of the demands it puts on volunteers in assessing all 175 indicators [62, 63] . While institutions using these types of frameworks also report on non-operational outputs (e.g., in areas of curriculum, research, etc.), the majority of the reviewed research literature on self-reporting sustainability frameworks of assessment, such as STARS or CSAF (11/15 articles), focused on operations outputs. Interestingly, despite the AASHE STARS framework's mentioned in eight of the 15 articles on the topic of sustainability assessments, none of the reviewed research compared operations policy or outputs between different PSE institutions with STARS ratings.
Outside of North America, the assessment instrument for sustainability in higher education (AISHE) developed in the Netherlands, and the alternative university appraisal (AUA) developed in Japan are other national assessment models. The AISHE system has been used to assess sustainability education in a number of PSE institutions across Europe, while the AUA has been used to examine the uptake of sustainability in education, governance, research and community engagement within PSE institutions located in the Asia-Pacific region. In using AISHE, Roorda and Martens [64] notice that sustainability in education is best assessed within separate programs or departments of a given university, due to the methodological and developmental differences that exist between faculties within a university. They go on to note that this can make cross-curricular comparison of sustainability difficult, even within the same institution. They also note that AISHE tends to be used in departments of engineering, science and education, paralleling this review's findings on sustainability in curricula. One exception to the trend of auditing only for operational performance in relation to sustainability is the Sustainability in Higher Education Institutions (SusHEI) model, which does take university dimensions, such as education and research into account and which has been piloted at a limited number of institutions in Portugal [65] . Recently, Di Giulio et al. [66] proposed a set of indicators for education for sustainability in German speaking PSE institutions in Europe; however, the implementation of assessing these proposed indicators is still in development in the Austrian, German and Swiss postsecondary education systems. And in looking at indicators across an international range of institutions, a 2009 study has proposed adapting the Global Monitoring and Evaluation Framework (GMEF) from the UN to examine indicators for sustainability in education, such as uniform structures, processes and outcomes across educational entities [67] . However, she also points out that a lack of baseline data could make adapting this system for assessing sustainability education problematic. This is especially true for PSE institutions, where practices and policies tend to be diverse within national contexts, let alone international ones.
The research literature reviewed for this study supports the findings of other researchers in the education field, who found that the majority of academic literature on sustainability assessment tools focus on environmental impact of university operations, with less attention focuses on education (curricula), research, governance or community engagement [68] . This gap observed in our literature review also supports recent research, which found a lack of auditing of non-operations activities among PSE institutions in the running for the Austrian Sustainability Award [69] . Possible departures from this theme include research papers engaging with the SusHEI and the AISHE framework evaluations of non-operational aspects of PSE sustainability, though reviews of these frameworks did not appear in journals focused in education. Measurements of operational outputs in relation to sustainability, also called -eco-audits‖, are also still quite popular among PSE institutions [70] .
Research on sustainability auditing and reporting within post-secondary education is still limited in number and scope compared to sustainability reporting in the business community [71] . The transfer of sustainability assessments from the business world into the realm of post-secondary education is explored in Walton and Galea's [72] theoretical examination of American universities. The researchers note businesses were better at tying efficiency policies to local sustainability initiatives in the communities they are embedded in, while critiquing some universities for viewing their non-profit status as a license to be inefficient with resources. Roorda and Martens [64] report that quality management tools developed by the business world and utilized by PSE institutions to assess environmental sustainability in Europe include tools developed by the International Organization for Standardization (ISO) and the European Foundation for Quality Management (EFQM). In comparing university auditing of sustainability practice for universities in New Zealand, Fisher [73] suggests that the ISO 14000 series of environmental standards would be useful for campuses commencing sustainability reviews. The same recommendation exists for universities in the UK [74] . In 2007, a scheme titled -Universities that Count‖ was promoted by the British Environmental Association for Universities and Colleges (EAUC) in collaboration with the business organization Business in the Community, in order to bring sustainability policies from the business world into the realm of PSE institutions [75] . The scheme was based on business models for sustainable operations policy, but was discontinued in 2010 in part because of the non-holistic approach to sustainability in the model. A new scheme was launched in the UK by the EAUC during 2012: Learning In Future Environments (LIFE) was designed to take into account social responsibility, as well as environmental sustainability in performance improvement for PSE institutions. Student networks are also playing an important part in sustainability assessments in the UK, with groups, such as People and Planet, providing guides for measuring PSE institutions performance in a number of areas relating to sustainability [76] .
A reoccurring question in all of the research on assessing sustainability in PSE institutions is that of what outputs should be measured? While metrics for assessing PSE targets for sustainability tend to need quantifiable parameters for comparative purposes, an examination of American universities assessed the importance of keeping assessment framework designs flexible in terms of time scale and other situational factors to allow for institutional differences, such as size, location and other demographic variables [77] . On the other hand, too little coordination of measurement criteria among institutions can result in assessments with limited informative value, as was found in one study examining the diverse sustainability auditing processes observed in Canadian universities [78] . While operational outputs are emphasized among the universities researched in their study, the array of measures and the variety in what was measured made any comparison difficult. Indeed, the need for baselines on which to assess sustainability initiatives comparatively within PSE was a theme running throughout each of the articles addressing measurement. This theme is best summarized by a 2004 study, which emphasizes that while systematic assessment of sustainability in education is difficult and must be contextualized, it is also important for assuring quality of operational outputs, as well as the teaching and learning experience [79] .
Our review illustrates that while research on the measuring of sustainability outputs is occurring, little consensus exists as to what should be measured, nor how precisely to measure it. Finally, our review revealed no literature on utilizing sustainability measures from other spheres of society to measure sustainability outputs in PSE institutions, such as government auditing programs. Only the business sector is examined in terms of best practice for sustainability and, here, only in terms of operational outputs. It should be acknowledged that a platform of sustainability audits was recently launched at the United Nations Environment Programme (UNEP), with the set including STARS, LIFE and other assessment tools previously mentioned. Whether or not this platform will contribute to more integrated and/or uniform approach to how sustainability is assessed in PSE institutions remains to be seen.
Conclusions
While comparative investigations into institutional sustainability in PSE are not as abundant as case studies of individual institutions, a number of comparative studies have been carried out on the sub-national, national and international levels since the declaration of the DESD in 2003. This review has illustrated three of the dominant themes emerging from this published literature: research comparing sustainability curricula across institutions (both within specific disciplines of study and across disciplines); research comparing campus operations policies and practice across multiple institutions; and research on how to best measure or audit approaches and outputs in sustainability in PSE. While it is our intent to disentangle the many narrative threads of research into sustainability in PSE institutions, it must be acknowledged that some of these categories overlap to some degree, particularly operational initiatives for sustainability and the analysis of sustainability audits.
This overview has also illuminated gaps in the research within each of these emergent themes in the literature. For comparative studies investigating sustainability in PSE curricula, there has been an emphasis on integration of sustainability into science and engineering, with little attention paid to curricula in the humanities and social sciences. Within comparative literature on sustainability in campus operations, a number of studies examine where the impetus for operations policies comes from, but little work has been done in comparing how effective these policies are in affecting outputs and how that may vary among different PSE institutions. There is also a gap in the research literature critically comparing how PSE institutions' sustainability operations policies link to the larger community. Finally, in terms of existing comparative research on sustainability audits, the majority of studies examine operational outputs of institutions and do not focus on the evaluation of other dimensions of institutional sustainability, such as education, research, governance or community engagement. While multi-dimensional assessment tools, such as AASHE's STARS and the CSAF, exist, these type of tools are self-reporting and tend to not be the focus of much of the literature in comparison to those studies focusing on auditing sustainability in institutional operations. Additionally, the comparative audits of PSE sustainability with other fields are undertaken only in relation to corporations that use sustainability criteria to measure their performance, with little exploration in relation to other fields outside of business.
While the analysis of this literature has allowed for a perfunctory understanding of dominant themes within the comparative research on sustainability initiatives within PSE institutions, it is by no means an all-encompassing work. Because this review has drawn heavily on literature from educational research (six of the eight most cited journals discussing the topic were exclusively education journals, while the other two publish extensively on education), a meaningful step forward would be to take to heart many of the critiques of sustainability in post-secondary education within the literature and expand the review to draw on more interdisciplinary research for further understanding. Compelling research on sustainability within PSE institutions may very well be occurring outside of the academic literature on education, especially as sustainability itself is a growing field in and of itself, as evidenced by the increasing number of journals devoted to the topic [80] . The fact that so much of the research on sustainability in PSE curricula focuses on the disciplines of engineering and material sciences suggests that engineering journals may be a good place to start. Finally, as within any discipline, what is occurring within the field is not always observed nor written about by those within the ivory tower, even or especially when the topic is the ivory tower. Therefore, it is important to caution that a paucity of evidence in the literature may not necessarily be indicative of what is being practiced on the ground. Academic literature gives crucial insights into the field of sustainability in PSE institutions, but it is not the whole story. However, this work can serve as a foundation for future studies and we believe offers a -lay of the land‖ for those engaged in research on furthering sustainability through post-secondary education.
